Introduction
Cancer is characterized by two hallmarks, proliferation and invasion. It is a genetic disease driven by mutations that inactivate tumour suppressor genes and activate proto-oncogenes (Weinberg, 1995) . Benign tumours arise from inappropriate proliferation, whilst malignant tumours have acquired the additional property of invasiveness, which enables the cancer cells to breach the basement membrane and to migrate into neighbouring tissues (Liotta and Stetler-Stevenson, 1991; Woodhouse et al., 1997) . Both hallmarks of cancer can be regulated by the growth factor signal transduction pathway (Bardelli and Comoglio, 1997; Hennigan et al., 1994; Vande Woude et al., 1997; Wells, 1999) , which often is achieved by mutations in tumours leading to unregulated proliferation and invasion (Denhardt, 1996) .
Invasion is a process used by many types of normal cells when it is necessary for them to migrate across tissue boundaries under a variety of physiological conditions (Woodhouse et al., 1997) . The process of invasion is complex. It requires coordinated changes in the functioning of many dynamic cellular processes, such as gene expression, cell surface receptor activation, cell-cell adhesion, cell-extracellular matrix (ECM) adhesion and ECM remodelling by extracellular proteases, actin cytoskeleton rearrangements mediated by Rho-like GTPases and cell motility. The complexity of invasion indicates that it is a multigenic process, and its tight regulation under normal situations suggests it may be transcriptionally regulated (Desprez et al., 1998; Janatpour et al., 2000) . At least three transcription factors, AP-1 (Dong et al., 1997; Hennigan et al., 1994) , Ets (Fafeur et al., 1997; Gilles et al., 1996; Wernert et al., 1994) , and NFkB (Farina et al., 1999; Himelstein et al., 1997) have been implicated in the regulation of genes associated with invasion. Here we focus on the role of AP-1 in the regulation of invasion.
The transcription factor AP-1 can be activated by the growth factor signal transduction pathway (Greenberg and Zi, 1984) and sustained activation of AP-1 is required for transformation by many oncogenes (Alani et al., 1991; Battista et al., 1998; Brown et al., 1993 Brown et al., , 1994 Brown et al., , 1996 Cook et al., 1999; Dong et al., 1997; Johnson et al., 1996; Kim et al., 1996; Kralova et al., 1998; Mechta et al., 1997; Murakami et al., 1997; Olive et al., 1997; Saez et al., 1995a,b; Schonthal et al., 1992; Suzuki et al., 1994; Vallone et al., 1997; Watts et al., 1998; Wick et al., 1992; Young et al., 1999) . The important role that AP-1 plays in transformation is highlighted by its prototypical genes, c-fos and c-jun, ®rst being identi®ed as retroviral oncogenes (Bohmann et al., 1987; Curran et al., 1982) .
AP-1 is not a single entity, but is comprised of a family of heterodimers between Fos family and Jun family proteins that regulate gene expression by binding to a consensus DNA sequence in the promoter region of target genes (Karin et al., 1997) . In cells transformed by sustained activation of the growth factor signal transduction pathway, by growth factors or mutationally activated Ras (Mechta et al., 1997) , Raf (Cook et al., 1999) or Mek1 (Treinies et al., 1999) , there is a change in the level of expression of AP-1 component proteins with an increase in Fra1, Fra2, c-jun, and junD. Similar changes in AP-1 component protein expression are detected in Fos-transformed cells (Miao and Curran, 1994; Ozanne et al., 2000) , (Braselmann et al., 1992) .
These changes in AP-1 composition are considered important, as Fra1 and c-jun cooperation is required for ecient transformation, and Fra1 increases the invasiveness of adenocarcinoma derived cell lines. The alterations in expression of AP-1 component proteins may be responsible for changes in AP-1 target gene expression in transformed cells leading to invasion (Kustikova et al., 1998; Lallemand et al., 1997) .
Fos oncoprotein transformation of ®broblast cell lines is independent of the cell cycle (Hawker et al., 1993; Hennigan et al., 1994; Miao and Curran, 1994) . Inactivation of AP-1 in transformed cells or growth factor stimulated normal cells results in a reduction in their invasiveness, thereby implicating AP-1 as a regulator of genes which mediate the invasive phenotype (Dong et al., 1997; Lamb et al., 1997a; Malliri et al., 1998; Ozanne et al., 2000) . The invasion of Fostransformed cells and growth factor treated cells is dependent upon AP-1 activity (Hennigan et al., 1994; Lamb et al., 1997a) and the function of AP-1 target genes CD44 (Lamb et al., 1997a) , ezrin (Jooss and Muller, 1995; Lamb et al., 1997b; Legg and Isacke, 1998; Yonemura et al., 1998; Yonemura and Tsukita, 1999) , Krp1 and MMP9 (Yu and Stamenkovic, 1999) . Together these studies demonstrate that genes, which are up-regulated as a consequence of AP-1 activity, interact to enhance invasion.
AP-1 also suppresses gene expression (Sassone-Corsi et al., 1988) . Just as genes which are up-regulated may enhance invasion (Bakin and Curran, 1999; Hennigan et al., 1994; Jooss and Muller, 1995; Lamb et al., 1997a,b; Miao and Curran, 1994; Ozanne et al., 2000) genes which are down-regulated may suppress invasion (Guan et al., 2000; Sager, 1997) .
The technology of isolating genes based upon their dierential expression (Rigby et al., 1984) has been radically improved (Diatchenko et al., 1996; Eisen and Brown, 1999; Hubank and Schatz, 1994; Liang and Pardee, 1997; Velculescu et al., 1995) , as has the ability to identify those dierentially expressed genes through searches of the expanding nucleic acid and amino acid sequence databases. The analysis of multiple dierentially expressed genes has led to the discovery of coordinately regulated genes, which function in distinct programmes that are regulated by given stimuli or transcription factors (Ferea et al., 1999; Iyer et al., 1999; Lut®yya et al., 1998; Myers et al., 1999; Polyak et al., 1997) . Herein, we use PCR suppression subtraction hybridization to test whether genes which are up-or down-regulated as a consequence of FBR-vfos transformation constitute a multigenic invasion programme. Previously, we have demonstrated that genes which are up-regulated in Fos-transformed cells are necessary for invasion (Lamb et al., 1997a,b; Spence et al., 2000) . We have tested whether genes from the down-regulated library might function as invasion suppressors, by expressing one of the down regulated genes, TSC-36/Frp, in FBRs and assessing the invasiveness of the expressing cells.
Results
To test the proposal that dierentially expressed genes in Fos-transformed cells comprise a multigenic invasion programme, we constructed two subtracted cDNA libraries using the polymerase chain reaction (PCR) suppression subtraction hybridization technique (SSH) (Diatchenko et al., 1996) . One library is speci®c for upregulated genes (URL), and the other is speci®c for down-regulated genes (DRL). This technique was chosen because it ensures that the resultant libraries contain cDNAs representing both abundant and rare dierentially expressed mRNAs in roughly equal proportions. The libraries were constructed from mRNA extracted from logarithmically growing FBR and 208F cells. Each library consists of Rsal restriction enzyme fragments of cDNAs, of an average 200 to 600 base pairs (data not shown), inserted into plasmids and used to transform bacteria to facilitate the isolation of individual cDNA clones.
Northern analysis
After the construction of the libraries Northern analysis was used to verify that the cDNA inserts actually represented dierentially expressed mRNAs. cDNA clones, chosen randomly from each library, were used as probes for Northern blots containing 10 mg of total RNA from logarithmically growing 208Fs, FBRs, K-RAS-transformed 208Fs (RAS), 208Fs transformed by exposure to a high concentration of EGF (Kaplan and Ozanne, 1982; Lamb et al., 1997a) and FBR-TA revertants (Lamb et al., 1997b) . The comparison between 208F and FBR RNA con®rms that the cDNA libraries actually represent dierentially expressed genes. The RNA from RAS and 208F plus EGF demonstrate which cDNAs represented genes that were dierentially expressed in cells transformed by means other than the v-fos oncogene, FBR. FBR-TA revertant RNA highlights which genes required AP-1 activity for their dierential expression.
Analysis of cDNA inserts from the URL indicated that all of the cDNAs tested were up-regulated in FBRs compared to 208Fs (Figure 1) . 84% of the cDNAs subjected to Northern analysis were upregulated in both FBRs and RASs indicating the majority of the cDNAs were not unique to Fos transformation. 57% of the cDNAs were up-regulated after a 24-h treatment with 100 ng/ml of EGF, which is sucient to morphologically transform approximately 50% of the cells (Kaplan and Ozanne, 1982; Lamb et al., 1997a; Spence et al., 2000) , and to induce invasion over three days (Hennigan et al., 1994; Lamb et al., 1997a) . Expression of 86% of the URL cDNAs is reduced in the FBR-TA cells, indicating an involvement of AP-1, either directly or indirectly, in their expression. When viewed as a whole, most of the cDNAs in the URL represent genes that are upregulated as a consequence of transformation by pathways that involve AP-1.
A similar analysis of the cDNA inserts from the DRL con®rmed that all of the cDNAs tested were dierentially expressed between FBRs and 208Fs ( Figure 2 ). Sixty-nine and 56% of these mRNAs were also down-regulated in RAS, and EGF treated 208Fs, respectively. Thirty-eight per cent of these mRNAs display a slight increase in expression as a consequence of TAM67-induced reversion. However 19% and 12% of the cDNAs, which are down regulated in FBR, are up-regulated in RAS and EGF treated 208Fs, respectively. Although there is some variation in DRL cDNA expression in RAS and EGF-treated 208Fs, the expression patterns of the mRNAs represented in this library indicate the library is enriched for mRNAs that are down-regulated in transformed cells. Figure 1 Northern analysis of up-regulated cDNAs. 10 mg of total RNA from each cell line was subjected to Northern analysis as described in Materials and methods. Filters were hybridized to radiolabelled cDNAs representing randomly chosen clones from the up-regulated library. Each ®lter was probed for 7S RNA to demonstrate equal loading. Only one representative 7S blot is shown Figure 2 Northern analysis of down-regulated cDNAs. 10 mg of total RNA from each cell line was subjected to Northern analysis as described in Materials and methods. Filters were hybridized to radiolabelled cDNAs representing randomly chosen clones from the down-regulated library. Each ®lter was probed for 7S RNA to demonstrate equal loading. Only one representative 7S blot is shown
The dierent lengths of exposures needed to give equivalent signals on the Northern blots as determined by densitometric analysis indicates the level of expression of the dierentially expressed mRNAs ranges from abundant to rare transcripts (data not shown). In addition, the dierent levels of expression, patterns of expression and sizes of the mRNAs indicate that the cDNAs represent distinct mRNAs. Nucleic acid sequence analysis
The subtracted cDNA libraries were constructed to test the proposal that AP-1 regulates a multigenic invasion programme in transformed cells by determining the functions of the dierentially expressed genes. This was accomplished by nucleic acid sequencing of randomly chosen clones from each library and database searches of those DNA sequences. Of the 148 URL cDNAs sequenced, 119 were identi®ed during database searches. Of these 15 were represented more than once, and 55 represented distinct genes based upon their identity with known sequences in databases (Table 1) . Another 37 were identi®ed during searches of EST or STS databases, but no functional motifs are associated with these sequences, and 2 cDNAs were not present in any of the databases so far searched. Of the 55 cDNAs to which functions could be assigned, dierential expression of 22 have been associated with tumours or oncogene transformation. Twenty-seven have functions consistent with a role in some aspect of invasion.
Of the remaining 18 genes, 4 are involved in vesicle transport, and 7 represent protein synthesis components. The remaining 7 genes represent functions, which we cannot, as yet, associate directly with invasion or with tumours. One hundred and nine of 133 cDNAs sequenced from the DRL were assigned functions based on homologies to known genes ( Table 2) . Seventeen of these were represented more than once. Twenty were identi®ed in EST or STS databases while 4 were not detected in any database searches. These 24 were classi®ed as novel as no function could be assigned based on either nucleic acid or predicted protein homologies. Twenty-®ve of these genes have been associated with tumours or invasion, while 18 have functions associated with various aspects of invasion. However, as much less is known about the inhibitors of invasion, assignment of the down-regulated genes to the multigenic invasion programme is problematical and awaits functional analysis of individual genes.
TSC-36/Frp inhibits invasion of FBRs
The genes which are up-regulated in FBRs are required for invasion (Lamb et al., 1997a) or aspects of invasion such as pseudopod extension and motility (Lamb et al., 1997b; Malliri et al., 1998; Spence et al., 2000) . Here, we sought to determine if any of the down-regulated genes could function as suppressors of invasion. One of the down-regulated genes, TSC-36/ Frp, which is dramatically down-regulated in FBRs compared to 208Fs and is down regulated in RASs, albeit to a lesser extent, was chosen as a candidate (Figure 2) .
TSC-36/Frp was ®rst isolated due to its upregulation in response to transforming growth factor beta (TGFb) (Shibanuma et al., 1993) and down regulated in k-ras transformed ®broblasts and some human tumours (Mashimo et al., 1997) . TSC-36/Frp is Western analysis of FBR-TSC6 and FBRNeo cell extracts to detect TSC-36-myc expression in cell extracts and cell supernatants. TSC-36-myc was detected by monoclonal antibody 9E10 speci®c for the myc tag. Erk2 was detected with a monoclonal antibody as a loading control. (c) In vitro invasion assay was performed as described in Materials and methods. The micrographs represent propidium iodide stained FBR-TSC6 and FBRNeo cells at dierent levels in the invasion assay after 3 days of incubation. (d) Quantitation of the in vitro invasion assays. Each assay was performed twice and three randomly chosen ®elds were analysed from duplicate wells in each assay a cysteine rich secreted heparin binding protein of 38 000 daltons, but little is known of its function (Zwijsen et al., 1994) . Expression of exogenous TSC-36/Frp in K-Ras-transformed cells did not aect their proliferation or morphology (Shibanuma et al., 1993 ).
An expression vector for TSC-36/Frp cDNA with a 3'myc epitope tag (TSC-36-myc) was constructed and introduced into cells. Transfection of the TSC-36-myc expression vector into COS cells revealed that a protein of the predicted molecular weight was produced (data not shown). TSC-36-myc was detected in the cytoplasm of 208F, FBR, RAS and FBR-TA by immunocytochemistry 24 h after transfection with the TSC-36-myc expression vector. No change in the morphology of the transfected cells was observed (data not shown).
The eect of long-term expression of TSC-36/Frp was determined by isolating clones of FBRs that express TSC-36-myc. Control colonies of G418 resistant FBRs were isolated following transfection with the same vector minus the TSC-36 cDNA insert (FBRneo). The G418 resistant colonies were tested for expression of TSC-36-myc my immunocytochemistry and Western analysis. TSC-36-myc was detected in the cytoplasm of most of the FBR-TSC-36-myc clones. Clone, FBR-TSC6, displayed high level uniform expression of the myc-tagged protein in over 90% of the cells (Figure 3a) . Western analysis revealed that the FBR-TSC6 cells also produced a protein of the predicted molecular weight that was detected in serum free supernatants from FBR-TSC6 cells, but not FBRneos (Figure 3b) .
FBR-TSC6 cells were compared to control FBRs, and FBR-neos, regarding their morphology, growth rates, and anchorage independence. None of these parameters diered between FBR, FBR-neo and FBR-TSC6 (data not shown). However, an in vitro invasion assay did reveal a dierence. The invasion of FBR-TSC6 cells compared to FBR-neos was considerably reduced (Figure 3c,d) . While FBR-neos and FBR-TSC6 migrated with equal eciency from the bottom to the top of the ®lter (data not shown), the FBR-neos continued to migrate into the upper layers of the matrigel. Many fewer of the FBR-TSC6 cells migrated into the matrigel, and those that did, penetrated less far. This demonstrates that TSC-36/Frp has the ability to suppress the invasion of FBRs, without aecting the morphology, or growth of the cells. These results con®rm that the down-regulated genes may function as suppressors of invasion.
Discussion
As a test of the proposal that AP-1 regulates a multigenic invasion programme in transformed cells (Hennigan et al., 1994; Lamb et al., 1997a,b; Malliri et al., 1998; Ozanne et al., 2000; Spence et al., 2000) , subtracted cDNA libraries were constructed speci®c for genes that are up-or down-regulated in Fos-transformed cells. Northern, nucleic acid sequence and functional analyses of these libraries support this proposal in that the cDNAs in each library are dierentially expressed in Fos-transformed cells, many of the cDNAs represent proteins that function in various processes required for invasion, and reexpression of one of the down-regulated genes, TSC-36/Frp, in FBRs suppresses invasion.
Northern analysis
There are four main conclusions to be drawn from the Northern analyses. First, the libraries were well constructed in that the vast majority of genes represented by the cDNAs were dierentially expressed to a signi®cant degree. Second, the cDNAs in the libraries represent abundant to rare mRNAs. Third, the dierential expression of many of the cDNAs is dependent either directly or indirectly upon AP-1 activity as judged by the changes in gene expression observed in the TAM67 induced revertants of FBRs. Fourth, the majority of cDNAs in each library represent genes that are dierentially expressed as a consequence of sustained activation of the growth factor-ras signal transduction pathway leading to transformation.
We suggest that the common changes in AP-1 component protein expression in ras-pathway Mechta et al., 1997; Cook et al., 1999; Treinies et al., 1999) and FBRs account for the similarity in dierential gene expression detected in both Fos-and Ras-transformed cells, and target those genes that constitute the invasion programme.
However, alterations in the expression levels of AP-1 components are unlikely to account for all of the changes in expression of the genes identi®ed in the libraries. AP-1 activity and target gene expression are aected by interaction of the cell with extracellular matrix proteins and alterations of the actin cytoskeleton, which can activate other transcription factors (Chang et al., 1998; Clarke et al., 1998; Lorenzi et al., 1999; Treisman et al., 1998; Tremble et al., 1995; Troussard et al., 1999; Westermarck and Kahari, 1999; Wisdom, 1999) .
The libraries were designed to isolate those cDNAs which are dierentially expressed between normal and fully transformed cells, and must re¯ect the alterations in gene expression resulting from the new steady state integration of changes in signal transduction pathways and transcription factor activity responsible for the maintenance of transformation.
Sequence analysis
The number and functional diversity of dierentially expressed genes highlights the complexity of oncogenic transformation. Fifty-two and 42% of the cDNAs in the up and down libraries respectively represent proteins which function in some aspect of invasion such as extracellular proteases, ECM components, cell surface receptors for ECM components or cell to cell adhesions, intracellular regulators of the cytoskeleton and motility, modulators of apoptosis and transcription factors. In both libraries there are genes, which have no obvious connection with transformation or invasion. These need to be tested functionally, to determine if they have a role in invasion; as do those represented by ESTs to which no function can yet be associated.
Some of the genes contribute directly to dierential gene expression betwen 208Fs and FBRs by regulating transcription. Paradoxically, several of the up-regulated AP-1 regulates invasion IMP Johnston et al genes function primarily as transcriptional repressors. SAP18 and RbAp46 are components of histone deacetylase complexes (Zhang et al., 1997 (Zhang et al., , 1999 ) that negatively regulate gene expression and we have identi®ed histone deacetylases that are up-regualted in FBRs (data not shown). The up-regulation of histone deacetylase complexes echoes the ®nding that DNA 5'-methylcytosine transferase, dnmt1, is also up-regulated upon Fos-transformation (Bakin and Curran, 1999) . Both of these mechanisms for altering gene expression are required for Fos-transformation (Miao and Curran, 1994) . Histone deacetylase component proteins have also been implicated in the control of metastasis (Toh et al., 1994; Zhang et al., 1999 ). An interesting group of genes in the DRL, so far not associated with invasion or metastasis are regulators of signalling pathways. Zygin or UNC76 (Bloom and Horvitz, 1997 ) is a regulator of protein kinase C zeta activity. Sprouty is an intracellular inhibitor of the growth factor-Ras-signal transduction pathway (Casci et al., 1999) . FRP4 is a member of a family of frizzled related proteins that regulate Wnt signalling and is believed to possess pro-apoptotic activity (Ba®co et al., 1999) . Included in this group is TSC-36, which is a secreted protein that is induced by TGFb signalling (Shibanuma et al., 1993) .
Recently a similar analysis of 208Fs transformed by Ras oncogenes has been reported (Zuber et al., 2000) . However, the degree of overlap between the genes we report here, and their list is not extensive. In the upregulated libraries only CD44, laminin receptor, stromelysin2, testin, non-neuronal enolase, and tyrosine phosphatase IA-2a are common. In the downregulated libraries the overlap is only signi®cant in the extracellular proteins which includes TSC-36/Frp. The low degree of overlap might re¯ect the lack of activation of the RAS signal transduction pathway in FBRs and failure to activate other transcription factors.
Functional analysis
A number of genes in both libraries have been demonstrated previously to have a role in invasion. This is most notable for the up-regulated library. Many of extracellular proteases have AP-1 binding sites in their promoters and display an increased expression in tumours and transformed cells (Westermarck and Kahari, 1999) . Inhibition of extracellular proteases has reduced the invasiveness of tumours, illustrating their important function during invasion (Westermarck and Kahari, 1999) .
In addition the functional and sometimes physical interaction of CD44 (Lamb et al., 1997a) , ezrin (Lamb et al., 1997b) , Krp1 and MMP9 (50, (Yonemura et al., 1998; Yonemura and Tsukita, 1999) is required for invasion, pseudopod elongation, or cell motility. The physical and functional interactions of these up-regulated genes argue that at least some of them function as part of an invasion program. A similar case may be made for dnmt1 and the histone deacetylase complex proteins, (SAP18, RbAp46) which function coordinately to suppress gene expression.
The down-regulated genes are proposed to function as suppressors of transformation or invasion. This has been demonstrated by others for mapsin (Sager, 1997) , drg-1 (Guan et al., 2000) and SPARC (Vial and Castellazzi, 2000) , lysyl oxidase (Hajnal et al., 1993) and IRF1 (Tanaka et al., 1994) . IRF-1 is a transcription factor thought to regulate lysyl oxidase expression (Tan et al., 1996) .
Here we have demonstrated that another gene also known to be down-regulated in Ras-transformed cells (Shibanuma et al., 1993) and some tumours (Mashimo et al., 1997) , TSC-36/Frp, inhibits the invasiveness of FBRs which con®rms that down-regulated genes can function as invasion suppressors. TSC-36/Frp is a secreted protein, which may function through a cell surface receptor, or extracellularly by inhibiting extracellular proteases or interactions with extracellular matrix proteins. Its eect on FBRs seems to be speci®c for invasion. Like SPARC, TSC-36/Frp contains a follistatin domain near its aminoterminus. SPARC, is down regulated in v-jun and v-src transformed chicken embryo ®broblasts (Vial and Castellazzi, 2000) . Reexpression of SPARC in those cells does not change morphology, serum dependence or anchorage independence, but prevents tumour formation by the transformed cells. This may be similar to the inhibition of the invasion that we observe upon re-expression of TSC-36-myc in FBRs.
Identi®cation of genes that are dierentially expressed as a result of a change in the activity of a transcription factor suggests that those genes might represent the components of a transcriptionally regulated programme. However, functional analysis is important in demonstrating that dierentially expressed genes actually comprise a programme. The functional analysis of genes dierentially expressed as a consequence of v-fos activation of AP-1 suggest that AP-1 regulates a multigenic invasion programme.
Materials and methods

Cell lines
208F is a subclone of the Rat-1 ®broblast cell line. FBR cell lines were originally obtained from Tom Curran. The Ras transformants in this study were generated by infection of 208F with the Kirsten murine sarcoma virus. All cell lines were maintained in Dulbecco modi®ed Eagle medium (DMEM; Life Technologies) supplemented with 10% foetal calf serum (Advanced Protein Products Ltd) at 378C in 5% CO 2 .
Northern blot analysis
Total RNA was isolated using RNAzol B according to the manufacturer's protocol (Biogenesis). For Northern blot analysis, 10 mg of total RNA was separated electrophoretically as described by Sambrook et al. (1989) . The RNA was stained with ethidium bromide, photographed, and then transferred to Hybond N (Amersham) as described by Sambrook et al. (1989) . Membranes were UV cross-linked with a Stratalinker 1800 (Stratagene). The cDNA probes were 32 P-labelled with a random priming kit from Pharmacia. Hybridization and stringency washes were performed as previously described (Sambrook et al., 1989) .
Construction and analysis of the subtractive cDNA libraries
Poly A + RNA was isolated from 208F and FBR cells using the Promega Poly(A) + Tract mRNA isolation kit. Two subtractive libraries were constructed using the Clontech PCR-Select Subtraction Kit which is based on the suppressive subtractive hybridization method (Diatchenko et al., 1996) . The up-regulated library was derived from 2 mg of FBR poly(A) + RNA as the tester, and 2 mg of 208F as the driver. The down-regulated library was derived from 2 mg of 208F poly(A) + RNA as the tester and 2 mg of FBR poly(A) + FBR cells as the driver. Thirty primary PCR cycles and 16 secondary PCR cycles were performed. The kit generates cDNAs that are between 200 bp and 600 bp in length, which were subsequently ligated into the pcr2 vector using the TA cloning Kit (Invitrogen) and the ligation product was transformed into E. coli Dh5! cells. The inserts of randomly selected clones were ampli®ed by PCR using primers derived from the SSH adapter sequences; nester primer 1 5'-CTC GAG CGG CCG GCC CGG GCA GGT-3'; nested primer 2 5'-AGG GCG TGG TGC GGA GGG CGG T-3'. Inserts were completely sequenced on both strands using nested primers 1 and 2 by the ABI automatic sequencer 373A or 377.
Protein extraction and Western blot analysis
Cells were grown to con¯uence, washed twice in cold PBS, and disrupted in lysis buer (10 mM HEPES pH 7.4, 1 mM Na 3 VO 4 , 2.5 mM MgCl 2 , 1 mM EGTA, 10% glycerol, 100 mg ml 71 CHAPS, 1 mM PMSF, 10 mg/ml aprotinin, 10 mg/ml leupeptin and 1 mM PMSF) to generate whole cell lysates. Protein concentrations were measured with a commercial reagent (Bio-Rad) and 80 mg of each sample was used for Western analyses. Secreted TSC-36-myc was obtained from serum free conditioned media (Kaplan and Ozanne, 1982) . Protein concentrations were measured as above and 40 mg of each sample was used in Western blots as described previously .
Construction of TSC-36-myc fusions
The TSC-36-myc fusion was generated by PCR using pBSK RFRP as a template, pBSK RFRP was a gift from A. Zwijsen (Zwijsen et al., 1994) . The following primers: 5'-CGG GGT ACC ACG ATG TGG AAA CGC TGG CTG GCG-3' and 5'-CGG GGT ACC GAT CTC TTT GGT GTT CAC CTT CTT-3' were used for the PCR reaction. The TSC-36 PCR product was cloned into pCRScript and subsequently cut with Kpn1 and ligated into the Kpn1 site of pcDNA3.1/ Myc-His A (Invitrogen), creating pcDNA3.1AMyc-HisTSC-36. To check the orientation of the constructs, as well as to determine whether errors had occurred during PCR, all the constructs were completely sequenced on both strands using ABI Automatic sequencer 373A or 377.
Transfections of TSC-36-myc constructs
Cells were transfected with 1.5 mg of the relevant plasmid using Superfect lipid transfection reagent (Qiagen). Immunouorescence microscopy was performed on cells using the anti-myc tag monoclonal antibody, 9E10 (Invitrogen) at a dilution of 1 : 100 and TRITC labelled rabbit anti-mouse secondary antisera at a 1 : 500 dilution. The cells were counter-stained with FITC-phalloidin. Cells were visualized on a Bio-Rad MRC 600 confocal illumination unit attached to a Nikon Diaphot inverted microscope with various magni®cations.
Generation of TSC-36-myc stable clones FBR cells were transfected with 8 mg of TSC-36-myc construct and the empty expression vector using Superfect lipid transfection reagent (Qiagen). After 15 days individual clones resistant to 400 mg/ml of G418 were isolated and tested for TSC-36-myc expression.
In vitro invasion assay
An inverse invasion assay in serum-free conditions was performed and quantitated as previously described (Hennigan et al., 1994; Lamb et al., 1997a; Malliri et al., 1998) using growth factor depleted Matrigel (Collaborative Research) coated polycarbonate chambers (Transwell 8 mm pore size ®lters: Costar).
